We studied the feeding behavior of the nauplii and adult females of the marine cyclopoid copepod Oithona davisae in the laboratory. Functional response experiments showed that O. davisae can feed on a broad size range of prey but that high clearance rates only occur in a narrow prey size range. Neither the nauplii nor the females were able to feed on Nannochloropsis oculata (2.5 mm), but . 4 mm prey were ingested. The highest clearance rates occurred when the nauplii and females were offered the dinoflagellate Oxyrrhis marina and the ciliate Strombidium sulcatum, respectively. O. davisae females preyed on Acartia grani nauplii but not on nauplii of their own species. Optimal prey : predator size ratios were similar for the nauplii and the females (, 10% of the predator's body length) and were higher than those reported for suspension-feeding calanoid copepods (2-6%). The finding that the nauplii and females of O. davisae feed on relatively larger prey appears to be a consequence of their strict ambush-feeding behavior, which constrains feeding activity to prey large enough to create hydromechanical signals above the detection threshold. Very high weight-specific ingestion rates (. 150% d 21 ) were obtained when O. davisae fed on relatively large prey. Such high daily rations are much higher than those that can be calculated indirectly from egg production. Size measurements of the mouth of O. davisae females indicate that those prey resulting in extreme feeding rates were too large to be swallowed completely and suggest the presence of sloppy feeding in Oithona.
Despite the numerical dominance of the genus of marine copepods Oithona in most of the oceans (Gallienne and Robins 2001) and the expected important role of Oithona in the pelagic system (Paffenhö fer 1993; Nielsen and Sabatini 1996) , many basic aspects of the biology and ecology of the genus are still poorly known. This lack of information limits our capacity to understand the function of Oithona in marine food webs. We know that their strict ambush-feeding behavior (Svensen and Kiørboe 2000; Paffenhöfer and Mazzocchi 2002) , which reduces the encounter rate with potential prey, is associated with feeding and metabolic rates comparatively lower than those of calanoid copepods (Castellani et al. 2005b; Saiz and Calbet 2007) . Moreover, the few available data obtained in the laboratory under controlled conditions also suggest that the adult females of Oithona may satiate at low food concentrations (50-100 mg C L 21 ; Lampitt and Gamble 1982; Saiz et al. 2003; Zamora-Terol and Saiz 2013) .
Knowledge of the feeding behavior of Oithona is still deficient in comparison with that of calanoid copepods, and this limited information has resulted in contradictory observations in the literature. In most field studies on the feeding of this genus, ciliates and dinoflagellates have emerged as the main components of its natural diet (Atkinson 1995; Nakamura and Turner 1997; Broglio et al. 2004) , whereas diatoms and nanoflagellates may occasionally appear in the diet, often as minor contributors (Castellani et al. 2005a (Castellani et al. , 2008 Atienza et al. 2006 ). However, Calbet et al. (2000) , in waters off Kaneohe Bay (Hawaii), reported high feeding rates of Oithona nana and Oithona simplex (up to , 55% body C d 21 ) on 2-5 mm flagellates. The pioneering work of Lampitt and Gamble (1982) on O. nana in the laboratory also reported ingestion of nanoflagellates and diatoms, whereas Uchima and Hirano (1986) reported only ingestion of motile prey by Oithona davisae and the absence of feeding on diatoms. We think that some of the abovementioned disagreement might be, in part, a consequence of likely presence of trophic cascade effects in the feeding experiments with natural prey assemblages, which may mask the actual diet of Oithona (Nejstgaard et al. 2001; Saiz and Calbet 2011) . Such effects would be particularly important in this genus, given that its highest clearance rates have been found for the top predators of the microbial communities (i.e., ciliates and heterotrophic dinoflagellates).
However, the few laboratory feeding experiments on the genus reported in the literature are difficult to compare, as they focused on different conspecifics and a small variety of prey types. This lack of knowledge on the genus is even more pronounced if the juvenile stages (nauplii) are considered, as most of the studies on copepod vital rates typically focus on the adult or late copepodite stages. The few available studies on Oithona nauplii assessing their feeding rates and functional response to food availability in the laboratory (Henriksen et al. 2007; Almeda et al. 2010a ) have only considered two dinoflagellates and a diatom as potential prey.
The aim of the current study is, therefore, to determine the feeding functional response of the nauplii and adult females of the ambush cyclopoid copepod O. davisae. We have assessed the feeding rates of the species and its prey size spectrum using a variety of prey (algae, ciliates, and copepod nauplii). To our knowledge, a similar approach has only been pursued once in marine copepods, in the study of Berggreen et al. (1988) , where ontogenetic changes in the feeding rates of the calanoid copepod Acartia tonsa were studied at saturating concentrations under a variety of mono-diets. A recent study by Vogt et al. (2013) also addressed the feeding behavior of the nauplii and adults of O. davisae, but it did not assess the feeding functional response on a variety of prey types. Our study provides evidence that the prey spectrum of O. davisae is constrained by the ambush-feeding behavior of the species and that both the nauplii and adults show similar optimal prey : predator size ratios that are larger than those of suspension-feeding calanoid copepods. Finally, we examine the possibility of sloppy feeding in Oithona to explain some of the high daily rations observed in our experiments.
Methods
We conducted feeding experiments with adult females and naupliar stages of the marine copepod O. davisae. Copepods were obtained from our continuous culture, running at the Institut de Ciències del Mar since 2000, which is grown in 20 liter methacrylate cylinders at 18 6 1uC with a 12 : 12 light : dark (LD) light cycle and fed with the heterotrophic dinoflagellate Oxyrrhis marina. Cohorts of nauplii for the experiments were obtained by the protocol described in Henriksen et al. (2007) . Briefly, egg-bearing females were collected with a 130 mm sieve and transferred to a 10-15 liter container with filtered seawater and a small amount of Ox. marina as food. After , 24 h, the water containing the newly hatched nauplii was gently siphoned out of the tank through a 60 mm sieve, which retained only the females, and transferred into a new container where the nauplii were left growing for 3 d until stages NII-NIII. Females for experiments were also obtained from artificial cohorts raised to adulthood; only adult females , 2 weeks old were used in the feeding experiments.
Tables 1, 2 provide a list of the prey types and sizes used in the experiments as well as the range of prey concentrations. Algae for the experiments were grown in batch cultures on f/2 medium at 18 6 1uC and at 12 : 12 LD. Algal cultures were diluted daily or every 2-3 d, depending on their growth rate, to keep them in the exponential phase. The heterotrophic dinoflagellate Ox. marina was fed the Functional response experiments were conducted in 65-75 mL plastic cell-culture flasks. Prey suspensions were prepared at the highest desired concentration and were then serially diluted with 0.2 mm filtered seawater into the six or seven concentrations to be tested in the functional response. To further assess the relationships between maximum clearance rates and prey size, additional experiments with extra prey were conducted, but only at low prey concentrations (Fmax experiments; Table 2 ). We added 5 mL of f/2 medium per liter of suspension in all cases to reduce any differential effect on algal growth of copepod excretion during incubation. We typically prepared five bottles for each concentration: one was used as the initial bottle and was sampled at the beginning of the experiment to determine the initial concentrations; two bottles served as controls to monitor the changes in the prey concentration during the incubation; the remaining two bottles, containing added predators, served as experimental bottles. The nauplii offered as prey were concentrated from the cohort stock and counted in triplicate. Aliquots of different volumes were then withdrawn to achieve the desired concentration of nauplii in the bottles. The number of predators (either adult female or NII-NIII of O. davisae) added to the experimental bottles varied depending on prey type and concentration and typically increased with prey concentration (Tables 1, 2 ). For those prey that we expected beforehand not to be consumed at high rates, the abundance of predators was increased to enhance the probability of detecting the presence of feeding even if it occurred at low rates. Adult females were individually pipetted into the experimental bottles. For nauplii, the suspensions were prepared and counted, and aliquots containing the desired concentration of nauplii were then added to each experimental bottle. Other experimental procedures were similar to the ones described above for the adult females.
After the predators were added, the bottles were filled to the top with the prey suspensions, the lid was covered with plastic film to ensure no air bubbles were present, and the bottles were capped. The initial bottles were sacrificed at the beginning of the experiment and preserved in acetic Lugol's solution (2% final concentration). The remaining bottles were placed on a rotating wheel at 0.2 revolutions min 21 . After 24 h, the bottles were taken off the wheel, the copepods were checked visually to verify that they were alive, and the contents of the bottle were then preserved in acetic Lugol's solution (2% final concentration). The Lugol's samples were analyzed under an inverted microscope (1003 or 2003) using either Sedgwick-Rafter or differently sized settling chambers. The samples were intended to achieve a minimum of 300-400 cells counted per chamber. Triplicate Sedgwick-Rafter chambers were typically set for the smallest and more abundant prey. For the relatively larger and less abundant prey, different sample volumes were settled, and the whole, or a certain fraction, of the settling chamber area was processed. In the case of Tetraselmis chuii as prey, however, as the preservation with Lugol's solution resulted in the formation of aggregates that made the counting difficult, the initial and final concentrations had to be measured in fresh samples with a Coulter Multisizer III particle counter. For Nannochloropsis oculata, due to their small size and high concentration, cell concentrations were estimated from chlorophyll a analysis rather than from Lugol's counts. Aliquots of 5 mL from each bottle were filtered onto 25 mm Whatman GF/F filters, frozen, and later extracted overnight in darkness at 4uC in 90% acetone. Chlorophyll a was determined with a Turner Designs fluorometer after acidification. Extra initial samples were preserved in Lugol's solution to allow for the conversion of chlorophyll a concentration to cell concentration.
The carbon content of the prey was estimated from the size using the equations of Menden-Deuer et al. (2001) for dinoflagellates, diatoms, and protists and those of Putt and Stoecker (1989) for ciliates; ciliate abundance was corrected for Lugol fixation losses according to Broglio et al. (2004) . The equivalent spherical diameter (ESD) of the algae and protozoans was determined at the beginning of the incubations from stocks using a Coulter Multisizer III particle counter, except for N. oculata, which was measured under an inverted microscope at 4003.
The abundance of copepods in the incubations was determined using a stereomicroscope. Digital pictures of the females and nauplii were taken under the stereomicroscope and the inverted microscope, respectively, and the female prosome length and nauplii body length were measured with ImageJ software (http://imagej.nih.gov/ij/). The carbon content was estimated with the carbon-length relationship of Almeda et al. (2010b) for this species. The nauplii of A. grani were treated similarly but converted into carbon values using the equation of Berggreen et al. (1988) for A. tonsa nauplii.
The equations of Frost (1972) were used to compute clearance rates, average food concentrations, and ingestion rates. Prior to the calculations, significant differences (p , 0.05) in prey growth rate between control and experimental bottles were tested with ANOVA tests for the whole functional response, with post hoc contrasts for each prey concentration if necessary; t-tests were conducted for the non-functional response incubations. The functional response data were fitted to exponential or power functions (clearance rates) or to linear or asymptotic (MichaelisMenten) functions (ingestion rates) if possible. As on occasion fits were not possible or provided unrealistic values of maximum vital rates that hindered a comparison among prey, we opted to estimate the maximum clearance rate for each prey as the maximum value among the average clearance rates at the three lowest food concentrations tested, whereas the maximum ingestion rate was estimated as the maximum of the average ingestion rates at the three highest food concentrations tested.
Results Figure 1 shows the clearance and ingestion rates of O. davisae nauplii for those prey that elicited significant grazing. Nauplii of O. davisae did not feed significantly on N. oculata, Prorocentrum minimum, or Akashiwo sanguinea. For the remaining prey, clearance rates decreased with food concentration and depended on food type. The highest nauplii clearance rates were observed when feeding on Ox. marina (range of clearance rates at the various food concentrations tested: 1.63-0.18 mL individual [ind.] 21 d 21 ), and the lowest significant nauplii clearance rates were observed when feeding on Isochrysis galbana (range: , 0.06-0.02 mL ind. 21 d 21 ; Fig. 1 (Fig. 1) . The ingestion rates of nauplii increased with increasing food concentrations and reached a certain degree of satiation at the upper range of food concentrations tested, except when fed Heterocapsa sp. (Fig. 1) . The maximum daily rations of nauplii (weightspecific ingestion rates as percentage) increased with increasing prey size, reaching as much as 122% body C d 21 when feeding on Ox. marina (Fig. 1) .
Oithona adult females ate detectable amounts of all prey offered except N. oculata and O. davisae nauplii. Overall, female clearance rates declined as prey concentration increased (Fig. 2) . For the ingested prey types, the highest female clearance rates were observed when feeding on the ciliate S. sulcatum (9.6-11.7 mL ind. 21 d 21 ) and Ox. marina (4.6 mL ind. 21 d 21 ). For the remaining prey, the clearance rates were below 1 mL ind. 21 d 21 on most occasions (Fig. 2) . Clear satiation responses were achieved for certain prey types (e.g., T. chuii, S. sulcatum, and Ak. sanguinea); for other prey types, however, satiation was not achieved (Fig. 2) . In the case of I. galbana (Fig. 2) , female ingestion rates decreased at the greatest food concentration, most likely as a consequence of insufficient grazing pressure in the bottles due to the combined effect of extremely low clearance rates and the high cell concentrations.
The maximum cell ingestion rates of females were up to , 5000 cells ind. 21 d 21 when feeding on I. galbana and up to , 3000-4000 cells ind. 21 d 21 when feeding on T. chuii and Heterocapsa sp. The maximum female ingestion rates decreased as prey size increased, reaching values of 96 and 2.9 prey ind. 21 d 21 for the larger prey, Ak. sanguinea and A. grani nauplii, respectively (Fig. 2) . The maximum daily rations of females were comparatively low when feeding on I. galbana, T. chuii, and A. grani nauplii (Fig. 2) , whereas the overall values for the other prey were . 100% C d 21 , reaching . 150% C d 21 in certain cases (i.e., Heterocapsa sp., Ox. marina, and S. sulcatum; Fig. 2) .
The experiments conducted with the diatom Thalassiosira weissflogii showed significant (p , 0.05) ingestion rates only at low prey concentrations (, 1916 and , 870 cells mL 21 for nauplii and adults, respectively). For nauplii, the clearance rates at diatom concentrations of 202 and 430 cells mL 21 were 0.15 and 0.03 mL ind. 21 d 21 , respectively, representing daily rations of 5.1% and 2.5% body C d 21 , respectively (Table 3 ). The adult females showed moderately higher clearance rates on the diatom (0.90-0.24 mL ind. 21 d 21 ), but the daily rations were similar to those of the nauplii (4.9-5.8% body C d 21 ; Table 3 ). The prey size spectrum of the nauplii and the adult females of O. davisae, expressed in terms of the maximum clearance rate as a function of prey size, is shown in Fig. 3 . The overall pattern shows low maximum clearance rates for most prey types independently of their size, on the order of , 0.25 and , 2.2 mL ind. 21 d 21 for nauplii and adults, respectively; a peak in clearance rates is observed for a few prey sizes (1.6 mL ind. 21 d 21 for the nauplii when offered the heterotrophic dinoflagellate Ox. marina; up to 11.7 mL ind. 21 d 21 in the case of the females fed the ciliate S. sulcatum). In terms of maximum weight-specific ingestion rates, there was a positive relationship between maximum weight-specific ingestion rates of the nauplii and prey size (Fig. 3) , reaching values up to 122% body C d 21 when feeding on Ox. marina; the larger prey tested (Ak. sanguinea) was not ingested by the nauplii. Females showed a dome-shaped relationship between weight-specific ingestion rates and prey size (Fig. 3) , with peak daily rations on the order of 188-242% body C d 21 when feeding on Ox. marina and S. sulcatum and also relatively high values (161% body C d 21 ) when feeding on Heterocapsa sp.
Discussion
Lower and upper prey size limits-Compared with calanoid copepods, which display a noteworthy variety of feeding behaviors and the capability to switch between them (Kiørboe et al. 1996) , both the nauplii and adults of Oithona spp. are strict ambush feeders (Svensen and Kiørboe 2000; Henriksen et al. 2007 ). The inability to generate feeding currents in Oithona spp. substantially reduces the encounter rate with potential prey (Strickler Fig. 3 . Maximum clearance and weight-specific ingestion rates of (A) nauplii and (B) adult females of Oithona davisae as a function of prey size. No, Nannochloropsis oculata; Ig, Isochrysis galbana; Tc, Tetraselmis chuii; Hs, Heterocapsa sp.; Pm, Prorocentrum minimum; Tw, Thalassiosira weissflogii; Om, Oxyrrhis marina; St, Scrippsiella trochoidea from the Fmax experiments; Pc, Prorocentrum micans from the Fmax experiments; Ss, Strombidium sulcatum; Ss2, Strombidium sulcatum from the Fmax experiments; As, Akashiwo sanguinea; nO, Oithona davisae nauplii as prey; nA, Acartia grani nauplii as prey. 1985) and constrains feeding primarily to motile prey or to rapidly sinking items that are perceived mechanosensorially (Kiørboe and Visser 1999 ). It appears reasonable to assume that extremely small prey might not be detected efficiently by Oithona spp. because such small prey may not be able to generate a hydromechanical signal above the critical threshold for prey detection by the copepod. However, there has been disagreement in the literature on the capability of Oithona spp. to feed on extremely small prey. Although Atienza et al. (2006) and Calbet et al. (2000) did not observe significant feeding on picoplankton by Oithona spp., Castellani et al. (2008) reported occasional ingestion of , 2 mm prey by Oithona similis. Other studies have reported consumption of , 5 mm nanoflagellates in several Oithona species (Calbet et al. 2000; Castellani et al. 2005a; Atienza et al. 2006) . In contrast, Nakamura and Turner (1997) did not observe feeding on , 8 mm flagellates by O. similis. Natural-assemblage feeding incubations, however, are always prone to trophic cascades and may not provide reliable data at these lower trophic levels. The current study, in which cultured single suspensions were used, shows the inability of both the nauplii and the adult females of O. davisae to feed significantly on pico-sized algae (N. oculata). In agreement with our results, Vogt et al. (2013) , in laboratory experiments with prey monocultures, also found no evidence for the presence of picoplankton in the gut of Oithona nauplii. These observations contrast with the findings by Roff et al. (1995) , who reported the presence of fluorescence-labeled bacteria in the gut of Oithona spp. nauplii. Whether or not picoplankton might be ingested or drunk on occasion, our study confirms that they must be cleared at negligible rates. We observed significant feeding of O. davisae on . 4 mm nanoflagellates, similar to the observations of Lampitt and Gamble (1982) on O. nana and in agreement with several of the field experiments cited previously. We did not test the consumption of , 4 mm nanoflagellates in our experiments, but it appears unlikely that it would occur at high rates, as 2.5 mm prey were not ingested and 4 mm prey (I. galbana) were ingested at low rates by O. davisae.
In the upper size range, O. davisae nauplii were unable to feed on the dinoflagellate Ak. sanguinea, most likely due to its comparatively large size (O. davisae nauplii: 109 mm total body length; Ak. sanguinea: 44 mm ESD). Consistent with the observations of Drits and Semenova (1984) in O. similis, the adult females of O. davisae did not feed on the nauplii of their own species, most likely due to the low motility displayed by Oithona nauplii (due to their ambushfeeding behavior; Henriksen et al. 2007) , which reduced the encounter rates with potential predators. In contrast, O. davisae females did prey on A. grani nauplii, which are active swimmers (Henriksen et al. 2007 ). We cannot exclude the possibility that differences in escape ability between the nauplii of the two species may also help explain the lack of predation on O. davisae nauplii (Titelman 2001) . The literature includes previous observations on the consumption of copepod nauplii by Oithona spp. Lampitt (1978) reported the ingestion of A. tonsa nauplii by O. nana at maximum rates (3.3 nauplii ind. 21 d 21 ) similar to the ones shown in our study by O. davisae females (, 3 nauplii ind. 21 d 21 ). Lampitt and Gamble (1982) also reported the ingestion of Calanus nauplii by the same Oithona species, whereas Nakamura and Turner (1997) found that the nauplii of A. tonsa but not those of the harpacticoid Longipedia helgolandica were ingested by adults of O. similis. Moreover, McKinnon and Klumpp (1998) found high feeding rates on paracalanid nauplii (up to , 12 nauplii ind. 21 d 21 ) by a small tropical Oithona sp. Our maximum clearance rates on nauplii were relatively low compared with those reported by Lampitt (1978; 10.3 Although predation on copepod nauplii by Oithona is feasible, the extent to which this ingestion might be nutritionally relevant in the field at natural nauplii concentrations is questionable. Lampitt and Gamble (1982) estimated that in a Scottish loch, on a seasonal basis, the contribution of nauplii to the daily rations of O. nana was very small, occasionally reaching 10% of the requirements for respiration. In the Australian mangroves, McKinnon and Klumpp (1998) found that predation on nauplii by Oithona sp. might be sufficient, together with other prey, to explain the observed respiratory carbon requirements but not to explain the egg production rates displayed.
Grazing on nonmotile prey-The role of diatoms in the diet of Oithona spp. requires particular consideration. It is commonly accepted that Oithona spp. feed mainly on motile prey (Atkinson 1995; Paffenhö fer and Mazzocchi 2002) because nonmotile prey (including fecal pellets) would be poorly detected (Kiørboe and Visser 1999; Svensen and Kiørboe 2000; Reigstad et al. 2005) . However, Lampitt and Gamble (1982) have reported significant ingestion (but at low rates) of the diatom Th. weissflogii by the copepod O. nana in the laboratory. In our experiments, we focused on motile prey, and only one nonmotile prey species (the non-chain-forming diatom Th. weissflogii) was tested. We did observe significant feeding by the nauplii and adults of O. davisae on Th. weissflogii, but we were able to detect it only at low food availability and high predator abundance; at higher prey concentrations, the low clearance rates prevented significant decreases in prey concentration during the incubations. Most likely, these low rates explain the lack of significant feeding on Th. weissflogii by O. davisae nauplii (same preypredator pair) in the feeding incubations reported by Henriksen et al. (2007) . Similarly, due to the very low feeding rates, although Vogt et al. (2013) found nonmotile (diatom) prey in the guts of both the adults and nauplii of O. davisae, the clearance rate experiments performed in that study found evidence only of significant grazing on diatoms by the nauplii. Ingestion of diatoms by Oithona has occasionally been reported in the literature (Hopkins and Torres 1989; Atkinson 1995; Atienza et al. 2006 ). Based on this ample evidence, it is reasonable to conclude that under certain circumstances diatoms might indeed be ingested but, comparatively, at much lower rates than motile prey.
Optimal prey for O. davisae adults and nauplii-In most of our functional response experiments there was a clear decline on clearance rates as food availability increased. On other occasions (e.g., Fig. 2C,G) , however, either because the lowest prey availabilities tested were not low enough or because the range of variation was too narrow to allow better estimations, no clear peak was evident and we had to opt for proxy values based on the maximum clearance among the observed rates. Maximum clearance rates provide the potential capability of a copepod to perceive and sweep clear a certain prey before limiting processes (e.g., handling time, gut fullness, and transit) begin to act and a satiating response develops. In the case of Oithona, which relies only on mechanical cues to detect prey (Svensen and Kiørboe 2000) , overly small prey might not produce a hydrodynamic signal strong enough to be detected and might be less efficiently handled. As prey size increases, due to the general relationship between an organism's size and its swimming velocity (Hansen et al. 1997 ), a positive relationship between prey size and maximum clearance rate would be expected. Above a certain threshold value, however, either the inability to handle overly large prey and/or a better escape ability of the larger prey may cause a dome-shaped relationship similar to the one found in this study. In our experiments, O. davisae adult females exhibited the highest clearance rates when feeding on the ciliate S. sulcatum (Fig. 3) . The high clearance rates shown for the ciliate compared to other prey could be a result of the greater swimming speeds of ciliates than of phytoplankton. The reported swimming speeds of the ciliate S. sulcatum in the literature (0.59 mm s 21 ; Kiørboe et al. 2009 ) are higher than the values for the two large dinoflagellates used in our experiments (Ox. marina: 0.37 mm s 21 , Kiørboe et al. 2009 ; Ak. sanguinea: 0.30 mm s 21 , Park et al. 2002) . High clearance rates on ciliates by Oithona spp. are often reported in field studies using natural prey assemblages (Atkinson 1995; Castellani et al. 2005a; Zamora-Terol et al. 2013) and are most likely a consequence of the combination of their larger size and higher swimming speed compared with the other potential prey (Hansen et al. 1997; Jakobsen et al. 2005) .
The ambush-feeding strategy shown by the nauplii and the adult females of O. davisae imposes constraints on the range of suitable potential prey. Maximum clearance rates for nauplii and adult females (Fig. 3) peak at smaller (16.5 mm) and larger (, 30 mm) prey sizes, respectively, as expected due to the difference in size between the nauplii and the females. The narrow range of prey sizes at which high clearance rates are observed, however, is noteworthy; the smaller and larger prey can be eaten but at substantially lower rates. Vogt et al. (2013) also observed that the range of prey sizes in the guts of the nauplii and adult females of O. davisae was relatively broad and similar despite the simpler and rudimentary feeding appendages of the nauplii compared with the adult females. In the latter study, however, functional response experiments were not performed, and those prey that triggered higher clearance rates could not be identified.
Deeper insights into the comparative aspects of ontogenetic changes in feeding behavior in Oithona spp. can be obtained if the prey size spectrum is scaled to the size of the predator. Figure 4A ,B show the relative prey size spectrum of the nauplii and the adult females of O. davisae, respectively. They correspond to the same data plotted in Fig. 3 but are scaled to the predator size here. Both the nauplii and the adult females appear to have rather similar optimal relative prey sizes, defined as those prey sizes at which higher maximum clearance rates peak (, 10% relative size; Fig. 4 ). This resemblance between the relative prey size spectra of the nauplii and of the adults is actually quite unexpected and contrasts with a previous finding for other copepods (Berggreen et al. 1988 ). In Fig. 4C ,D, for comparison with our O. davisae data set, we have included data for nauplii, copepodites, and adult females of the calanoid copepod A. tonsa obtained by Berggreen et al. (1988) . In contrast with our findings, A. tonsa showed a broadening of prey sizes and a shift towards relatively larger relative prey sizes through its ontogeny, as can also be found in other predators, such as fish larvae (Sabatés and Saiz 2000) . In addition to the differences mentioned above, the optimal prey size range of the nauplii and adults of O. davisae (10% relative prey size) appeared to be shifted toward much larger prey than that observed for the nauplii, copepodites, and adults of A. tonsa (2-6%; Fig. 4C,D) . The pattern observed in O. davisae is most likely a consequence of its strict ambush-feeding behavior, which requires that predation occur on prey large enough to generate hydromechanical signals above the detection threshold (either by swimming or sinking; Visser 2001). Moreover, in contrast with active swimmers, such as the nauplii and adults of A. tonsa (Saiz 1994; Titelman and Kiørboe 2003) , the swimming behavior linked to the ambush strategy of O. davisae, which involves spending most of the time sinking with occasional jumps to regain position (Henriksen et al. 2007; Kiørboe et al. 2009 ), may also decrease the probability that Oithona spp. would be detected in advance by a potential prey and would favor attacks on relatively large prey (Jonsson and Tiselius 1990; Saiz and Kiørboe 1995) .
Daily rations and evidence for sloppy feeding-The daily rations of O. davisae nauplii increased with prey size and fell within the range of variation of the few data available from previous studies of the nauplii of this species (Henriksen et al. 2007; Almeda et al. 2010a ). The nauplii of O. davisae displayed evidence of satiation at the highest food concentrations tested except when fed Heterocapsa sp. Overall, the maximum values found in our experiments are much lower than those expected for similarly sized calanoid nauplii (which can reach daily rations up to 300% body C d 21 ; Saiz and Calbet 2007) and should be interpreted as a consequence of the low prey encounter rate associated with ambush feeding. In contrast, adult females showed high daily rations when fed several of the prey tested (. 150% body C d 21 ), particularly those of intermediate size (Fig. 3) . Applying allometric relationships (Saiz and Calbet 2007) , we calculated that similarly sized calanoids (0.3 mg C) would show maximum weight-specific ingestion rates (200% body C d 21 ) comparable to those observed for O. davisae in our study. This result is not in agreement with most previous evidence, both from the field and the laboratory, which typically shows that the feeding rates of Oithona are much lower than those of calanoids (Saiz and Calbet 2007) . The maximum daily rations found in our study are also higher than those that can be derived from maximum egg production rates reported in seasonal field studies (maximum daily rations needed assuming 30% gross growth efficiency: O. davisae in an eutrophic inlet of the Inland Sea of Japan: 98% body C d 21 at 18uC, Uye and Sano 1998; Oithona sp. in mangroves in Australia: 73% body C d 21 at 29uC, McKinnon and Klumpp 1998; O. nana in waters off Argentina: 37% body C d 21 at 20uC, Temperoni et al. 2010 ; O. similis in the North Sea: 40% body C d 21 at 14.7uC, Drif et al. 2010) .
One possible explanation for the high maximum daily rations found could be that at satiation levels, the copepods might be feeding primarily on a subrange of small-sized individuals within the prey population. As we did not contemplate changes in prey size in our experiments, we might have overestimated feeding rates in our calculations if such selection for a small size subrange had occurred. We have conducted a test of this hypothesis with Ox. marina as prey (at 1000 and 1500 cells mL 21 , with ingestion rates of, respectively, 1002 6 91.0 standard error [SE] and 862 6 136.3 SE cells ind. 21 d 21 ) and observed no difference in the size spectra at the end of the incubation between control (no copepods) and experimental (with added copepods) bottles (data not shown). Even ignoring this result, in the case where the copepods had been feeding selectively on a subrange of prey sizes, either below (when the offered prey was relatively too large) or above (when the offered prey was relatively too small) the population median, the expected variation in daily rations with respect to the assumption that the copepods were feeding on the whole prey population would be on the order of 6 30%. Even if this correction is applied, however, several of our maximum daily rations for O. davisae still appear too high in view of the literature values discussed above.
We suggest that our extreme maximum ingestion rates, obtained from prey removal experiments, do not fully represent the actual amount of prey biomass ingested. Figure 5A shows pictures at the same scale of an adult female of O. davisae and all the prey offered in the experiments, and Fig. 5B shows a scanning electron microscope picture of the mouth of an adult female of O. davisae. As shown in Fig. 5 , the dimensions of the mouth of the adult female O. davisae (, 10 mm 3 20 mm) are similar to or even smaller than the size of the prey that resulted in daily rations . 150% body C d 21 . The physical limitations involved in swallowing prey of similar (or larger) size than the mouth itself would involve the Fig. 4 . Maximum clearance rate, expressed as relative value (%) among those exhibited for the different prey in each data set, as a function of the prey : predator size ratio. (A) Nauplii and (B) adult females of Oithona davisae from the current study. (C) Nauplii and (D) copepodite and adult stages of the calanoid copepod Acartia tonsa from Berggreen et al. (1988) . No, Nannochloropsis oculata; Ig, Isochrysis galbana; Tc, Tetraselmis chuii; Hs, Heterocapsa sp.; Pm, Prorocentrum minimum; Tw, Thalassiosira weissflogii; Om, Oxyrrhis marina; St, Scrippsiella trochoidea from the Fmax experiments; Pc, Prorocentrum micans from the Fmax experiments; Ss, Strombidium sulcatum; Ss2, Strombidium sulcatum from the Fmax experiments; As, Akashiwo sanguinea; nO, Oithona davisae nauplii as prey; nA, Acartia grani nauplii as prey.
breakage and partial ingestion of the prey, resulting in an actual consumption of organic matter much lower than that estimated from the counts in the incubation bottles. This evidence of sloppy feeding in O. davisae is, as far as we know, the first case reported for Oithona, and would be in agreement with the low gross growth efficiencies (16%) for adult female O. davisae reported by Zamora-Terol and Saiz (2013) when feeding on Ox. marina; previous quantitative assessments of sloppy feeding in copepods are limited to a few species of calanoids (Strom et al. 1997; Møller and Nielsen 2001; Møller 2007) . In this regard, Møller (2007) found that the ingestion of relatively very small prey (prey : predator size ratio # 1%) resulted in not significant production of dissolved organic carbon (DOC), whereas 15-30% of the total prey carbon removal will be lost as DOC when the relative prey size is 4-6%. In the case of O. davisae, the relative prey sizes of those prey that resulted in very high maximum daily rations (Heterocapsa sp. and P. minimum: , 4%; Ox. marina: 6%; S. sulcatum: 9.6%) fall close to or above the threshold values proposed by Møller (2007) and support the presence of sloppy feeding in Oithona. It is worth noticing, however, that in those cases we did not identify any prey remains during our microscope counts, but given they were naked prey it is expectable that any remains would have degraded during the incubation.
We have shown that, in contrast to what is known for suspension-feeding calanoid copepods, O. davisae feeds on relatively larger prey, and both the nauplii and the adult females show similar optimal relative prey sizes. This finding appears to be a consequence of the strict ambushfeeding behavior that constrains the copepod to feed on prey large enough to trigger sufficient hydromechanical signals for detection. At high relative prey sizes, we have reported very high weight-specific ingestion rates, which are most likely unrealistic and a consequence of sloppy feeding. The presence of sloppy feeding in Oithona, which deserves further and more rigorous research, might have relevant implications for the fueling of the microbial loop in the epipelagic zone, given the high abundance and ubiquity of Oithona in the oceans, and the reported composition of their diet in the field, with high contribution of ciliates and dinoflagellates (Castellani et al. 2005a; Atienza et al. 2006; Zamora-Terol et al. 2013) . Moreover, our experiments have shown that O. davisae is able to feed on nanoflagellates and to reach moderate maximum daily rations in the laboratory on these prey, and such a process is also expected to occur in the field. In incubations with natural assemblages, however, it is probable that the high clearance rates on ciliates and heterotrophic dinoflagellates by Oithona spp. reported in the literature may cause strong trophic cascade effects (Calbet and Saiz 2013) , which may result in the underestimation of nanoflagellate consumption and total daily rations. Finally, we urge caution in the extrapolation of our results to other Oithona species, as the prey : predator size ratios would change in larger-sized conspecifics and, therefore, it is probable that the degree of sloppy feeding when feeding on large prey (e.g., ciliates and dinoflagellates) and/or the ability to feed on small nanoflagellates might differ.
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